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A DC-DC converter includes: a high-side switch; a low-side
switch coupled to the high-side switch in series; a capacitor
configured to be charged while the low-side switch is turned
on and to increase a driving voltage for turning on the high-
side switch by a charged voltage; a buffer configured to output
a control signal for controlling the high-side switch; a latch
configured to receive the control signal at a first input termi-
nal, retain the control signal, and output the control signal to
the high-side switch; and a switch configured to receive the
control signal from the latch and deactivate the buffer.
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1
DC-DC CONVERTER AND
SEMICONDUCTOR INTEGRATED CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2012-
164550, filed on Jul. 25, 2012, the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a direct
current to direct current (DC-DC) converter.

BACKGROUND

DC-DC converters reduce or increase an input predeter-
mined DC voltage to transform the input DC voltage into a
DC voltage to be used in an electronic device.

Related arts are disclosed in Japanese Laid-open Patent
Publication Nos. 2011-10452 and 2006-254577 and V. Pinon,
et. al.,, “A Single-Chip WCDMA Envelope Reconstruction
LDMOS PA with 130 MHz Switched-Mode Power Supply,”
ISSCC International Solid-State Circuits Conference/Ses-
sion 31/RF & mm-Wave Power Amplifiers/31.4, Dig. Tech.
Papers, pp. 564-565, February 2008, the entirety of which is
incorporated by reference herein.

SUMMARY

According to one aspect of the embodiments, a DC-DC
converter includes: a high-side switch; a low-side switch
coupled to the high-side switch in series; a capacitor config-
ured to be charged while the low-side switch is turned on and
to increase a driving voltage for turning on the high-side
switch by a charged voltage; a buffer configured to output a
control signal for controlling the high-side switch; a latch
configured to receive the control signal at a first input termi-
nal, retain the control signal, and output the control signal to
the high-side switch; and a switch configured to receive the
control signal from the latch and deactivate the buffer.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are
examples and are explanatory in nature and are not restrictive
of the invention, as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates an example power supply integrated cir-
cuit (IC);

FIG. 2 illustrates an example DC-DC converter;

FIG. 3 illustrates an example DC-DC converter;

FIG. 4 illustrates an example of an operation of an example
DC-DC converter;

FIG. 5 illustrates an example of an operation of an example
DC-DC converter;

FIG. 6 illustrates an example of an operation of an example
DC-DC converter;

FIG. 7 illustrates an example of an operation of an example
DC-DC converter;

FIG. 8 illustrates an example of an operation of an example
DC-DC converter;

10

15

30

35

40

45

50

55

65

2

FIG. 9 illustrates an example of an operation of an example
DC-DC converter; and

FIG. 10 illustrates an example of an operation of an
example DC-DC converter.

DESCRIPTION OF EMBODIMENTS

In a step-down DC-DC converter, a high-side switch and a
low-side switch coupled in series are arranged between a DC
voltage source and ground. A capacitor that smoothes an
output of an inductor is coupled between the ground and the
output of the inductor coupled to a connection point between
the high-side switch and the low-side switch. The high-side
switch and the low-side switch are alternately driven, so that
the inductor repeats storage and release of magnetic energy. A
voltage output from the inductor is smoothed by the capacitor,
thereby obtaining a reduced DC voltage.

FIG. 1 illustrates an example power supply IC. An inductor
disposed outside the power supply IC may be miniaturized.
The inductor may be disposed together with a DC-DC con-
verter in the power supply IC. A capacitor may also be dis-
posed together with the DC-DC converter in the power supply
1C.

If the inductor and the capacitor are reduced in size, an
output voltage of the DC-DC converter may have ripple char-
acteristics. To maintain the ripple characteristics ofthe output
voltage of the DC-DC converter, a switching frequency may
increase.

The increase of the switching frequency causes an increase
in power loss based on charge and discharge of parasitic
capacitance. To reduce the power loss, a transistor having
N-type polarity and a small parasitic capacitance may be used
as a high-side switch.

If the high-side switch includes such a transistor having
N-type polarity, aboost circuit that increases a driving voltage
for turning on the high-side switch may be used.

A circuit may be used to maintain a voltage to be applied to
a circuit element, such as a transistor, within a range of
withstand voltages of the circuit elements when the driving
voltage for turning on the high-side switch is increased by the
boost circuit.

Ina DC-DC converter including a transistor having N-type
polarity as a high-side switch, because the DC-DC converter
includes the boost circuit and the above-described circuit, its
power consumption may increase or its operating speed may
decrease.

FIG. 2 illustrates an example DC-DC converter.

Referring to FIG. 2, a DC-DC converter 10 reduces a
voltage Vi supplied from a DC voltage source 14 and supplies
an output voltage Vo to a load.

In the DC-DC converter 10, a high-side switch Nh and a
low-side switch NI each having N-type polarity are coupled
in series between a positive electrode and a negative electrode
of'the DC voltage source 14. A drain of the high-side switch
Nh is coupled to the positive electrode of the DC voltage
source 14. A source of the high-side switch Nh is coupled via
a connection point A to a drain of the low-side switch NI. A
source of the low-side switch NI is coupled to the negative
electrode of the DC voltage source 14.

A voltage at the connection point A may be referred to as a
“voltage V1.’ A voltage on the negative electrode side of the
DC voltage source 14 may be referred to as a “voltage Vg.”

A NMOS transistor may be used as each of the high-side
switch Nh and the low-side switch NI of N-type polarity. A
source of each NMOS transistor may be electrically coupled
to a substrate.
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An inductor L may be coupled to the connection point A
between the high-side switch Nh and the low-side switch NI.
A capacitor C2 that smoothes an output of the inductor L may
be disposed between the output of the inductor L. and the
negative electrode of the DC voltage source 14.

The output voltage Vo is supplied from a connection point
between the inductor LL and the negative electrode of the DC
voltage source 14 to a load 15.

A capacitor C1 is coupled between the drain and the source
of'the high-side switch Nh. The capacitor C1 is charged while
the low-side switch NI is turned on and increases a driving
voltage for turning on the high-side switch Nh by a charged
voltage.

A diode D configured to avoid application of the voltage
charged in the capacitor C1 to the DC voltage source 14 may
be disposed between the drain of the high-side switch Nh and
the capacitor C1.

A voltage at a high-potential terminal of the capacitor C1
coupled to the diode D may be referred to as a “voltage Vb.”

A control signal Sp for controlling the high-side switch Nh
may be supplied from a higher-level circuit to a buffer 11. The
buffer 11 outputs the control signal Sp to a latch 12.

The latch 12 retains the control signal Sp supplied from the
buffer 11 and outputs the control signal Sp to an inverter [V1.

Uponreceiving a high-level signal, the inverter [V1 outputs
a signal at a level of the voltage VI, which is the voltage at the
connection point A, to an inverter IV2. Upon receiving a
low-level signal, the inverter IV1 outputs a signal at a level of
the voltage Vb to the inverter IV2.

Uponreceiving a high-level signal, the inverter [V2 outputs
a signal at the voltage level VI, which is the voltage at the
connection point A, to a gate of the high-side switch Nh. Upon
receiving a low-level signal, the inverter [V2 outputs a signal
at the voltage level Vb to the gate of the high-side switch Nh.

Accordingly, when the control signal Sp is a signal for
turning on the high-side switch Nh, the signal at the voltage
level Vb is output to the gate of the high-side switch Nh. When
the control signal Sp is a signal for turning off the high-side
switch Nh, the signal at the voltage level VI which is the
voltage at the connection point A is output to the gate of the
high-side switch Nh.

The output signal of the inverter IV2 is supplied to a switch
13. Upon receiving a high-level signal, the switch 13 deacti-
vates the buffer 11. When the control signal Sp is a signal for
turning on the high-side switch Nh, therefore, the switch 13
deactivates the buffer 11.

After deactivation of the buffer 11, the latch 12 retains the
control signal Sp, supplied from the buffer 11, for turning on
the high-side switch Nh and continues to output the signal to
the high-side switch Nh via the inverters IV1 and IV2.

In the DC-DC converter 10, an inverted signal Spx of the
control signal Sp is supplied as a signal for controlling the
low-side switch NI from the higher-level circuit through an
input buffer 16 to a gate of the low-side switch NI.

Upon receiving a high-level signal, the input buffer 16
outputs a signal at a level of the voltage Vi of the DC voltage
source 14 to the gate of the low-side switch NI. Upon receiv-
ing a low-level signal, the input bufter 16 outputs a signal at a
level of the voltage Vg to the gate of the low-side switch NI.

Accordingly, when the control signal Sp is a signal for
turning off the high-side switch Nh, for example, when the
inverted signal Spx is a high-level signal, a signal at the
voltage level Vi is output to the gate of the low-side switch NI.
When the control signal Sp is a signal for turning on the
high-side switch Nh, for example, when the inverted signal
Spx is a low-level signal, a signal at the voltage level Vg is
output to the gate of the low-side switch NI.
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In the DC-DC converter 10, while the low-side switch N1 is
turned on, the capacitor C1 is charged by the DC voltage
source 14. When the control signal Sp is a signal for turning
on the high-side switch Nh, a signal at the voltage level Vb,
which is the sum of charged voltages of the capacitors C1 and
C2 coupled in series, is output to the gate of the high-side
switch Nh, thus turning on the high-side switch Nh. While the
high-side switch Nh is turned on, the capacitor C2 is charged
by the DC voltage source 14.

When the control signal Sp is a signal for turning on the
high-side switch Nh, a signal at the voltage level Vb is sup-
plied to the gate of the high-side switch Nh and the voltage VI
is applied to the source of the high-side switch Nh, so that a
voltage difference between the gate and the source is (Vb-
VI). The voltage difference (Vb—VI) may be, for example, the
voltage Vi of the DC voltage source 14. Accordingly, a volt-
age exceeding a withstand voltage may not be applied to the
high-side switch Nh.

In the DC-DC converter 10, the high-side switch Nh and
the low-side switch NI are alternately driven, thereby repeat-
ing storage and release of magnetic energy in the inductor L.
A voltage output from the inductor L is smoothed by the
capacitor C2, thus obtaining a reduced DC output voltage Vo.

The DC-DC converter 10 may include a feedback circuit
that measures the output voltage Vo and feeds back a mea-
surement to the higher-level circuit. The higher-level circuit
may include a circuit that generates a control signal for pro-
tecting the high-side switch Nh and the low-side switch NI
from being turned on substantially at the same time.

Because the DC-DC converter 10 includes the high-side
switch Nh and the low-side switch NI of N-type polarity,
high-speed operation may be performed. The high-side
switch Nh and the low-side switch NI are smaller in size than
a switch having a P-type polarity. This may result in a reduc-
tion in parasitic capacitance and power consumption.

The buffer 11, which receives the control signal Sp, and the
latch 12, which retains the control signal Sp output from the
buffer 11 and outputs the control signal Sp, are arranged as
individual circuit elements. Accordingly, the buffer 11 may
have a higher driving capability to achieve higher throughput.
The latch 12 may be configured in size for low power con-
sumption.

Because the switch 13 deactivates the buffer 11, the power
consumption may be reduced.

FIG. 3 illustrates an example of a DC-DC converter. In
FIG. 3, substantially the same components as or components
similar to those in F1G. 2 are designated by the same reference
numerals or symbols and a description of the previously
described components may be omitted.

As illustrated in FIG. 3, the DC-DC converter 10 includes
the buffer 11 that outputs the control signal Sp for controlling
the high-side switch Nh and the latch 12 that receives the
control signal Sp from the buffer 11 at a first input terminal
124 and retains the control signal Sp. The latch 12 outputs the
retained control signal Sp at an output terminal 12¢ to the
high-side switch Nh via the inverter [IV1 and the inverter [V2.

The DC-DC converter 10 may include an auxiliary buffer
17 that receives the inverted signal Spx of the control signal
Sp for controlling the high-side switch Nh and outputs the
inverted signal Spx to a second input terminal 126 of the latch
12.

Because the inverted signal Spx is supplied to the second
input terminal 125, the latch 12 retains the control signal Sp,
supplied from the buffer 11, for turning on the high-side
switch Nh after deactivation of the buffer 11 and continues to
output the signal to the high-side switch Nh.
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The buffer 11 may include a transistor P1 and a transistor
P2 that are coupled as a differential pair and have a P-type
polarity. A PMOS transistor may be used as a transistor hav-
ing a P-type polarity.

A source of the transistor P1 is coupled to the high-poten-
tial terminal of the capacitor C1 and is supplied with the
voltage Vb. The transistor P1 has a drain and a gate short-
circuited to each other. The gate of the transistor P1 is coupled
to a gate of the transistor P2. A source of the transistor P2 is
also coupled to the high-potential terminal of the capacitor C1
and is also supplied with the voltage Vb.

The source of each PMOS transistor may be electrically
coupled to a substrate.

A transistor P3 and a transistor P4, each serving as PMOS
transistors, and a transistor N1 and a transistor N2, each
serving as a NMOS transistor, are coupled in series between
the drain of the transistor P1 and the negative electrode of the
DC voltage source 14.

A transistor P5, serving as a PMOS transistor, and a tran-
sistor N3 and a transistor N4, each serving as a NMOS tran-
sistor, are coupled in series between the drain of the transistor
P2 and the negative electrode of the DC voltage source 14.

The voltage Vi of the DC voltage source 14 is supplied to
each of the gates of the transistors N1 and N3.

The control signal Sp for controlling the high-side switch
Nh is supplied from the higher-level circuit to a gate of the
transistor N2. The inverted signal Spx of the control signal Sp
for controlling the high-side switch Nh is supplied from the
higher-level circuit to a gate of the transistor N4. The input
control signal Sp is output from the drain of the transistor P2
to the first input terminal 12a of the latch 12.

A signal output from the inverter IV2 is supplied to a gate
of' the transistor P3. Upon receiving a high-level signal at the
gate, the transistor P3 is turned off. The transistor P3 may
correspond to the switch 13 illustrated in FIGS. 2 and 3.

After the control signal Sp is supplied as a signal for turn-
ing on the high-side switch Nh to the buffer 11 and is output
from the buffer 11 to the latch 12, when the inverter IV2
outputs a high-level signal, the transistor P3 is turned off.
Consequently, the buffer 11 is deactivated.

In the buffer 11, the transistors P2, P5, N3, and N4 may be
circuit elements for outputting the control signal Sp to the
latch 12. Raising the driving capabilities of the transistors P2,
P5,N3, and N4 enables an output signal for the latch 12 to rise
and fall at high speed.

Inthe bufter 11, the transistors P1, P3, P4, N1, and N2 may
be circuit elements for supplying a driving voltage to the gate
of the transistor P2. The transistors P1, P3, P4, N1, and N2
may have a size large enough to drive the gate of the transistor
P2. Accordingly, the transistors P1, P3, P4, N1, and N2 may
have a size with lower power consumption than the transistor
P2, P5, N3, or N4.

The latch 12 may include two transistors P6 and P7, each
serving as a PMOS transistor.

A source of the transistor P6 is coupled to the high-poten-
tial terminal of the capacitor C1 and is supplied with the
voltage Vb. A drain of the transistor P6 is coupled to the first
input terminal 12a. The drain of the transistor P6 is coupled to
a gate of the transistor P7. The drain of the transistor P6 is
further coupled to the output terminal 12¢ of the latch 12.

A source of the transistor P7 is coupled to the high-poten-
tial terminal of the capacitor C1 and is supplied with the
voltage Vb. A drain of the transistor P7 is coupled to a gate of
the transistor P6. The drain of the transistor P7 is coupled to
the second input terminal 125.
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In the latch 12, the transistors P6 and P7 may have a size
large enough to retain and output the input control signal Sp.
The transistors P6 and P7 may have a size with low power
consumption.

The auxiliary buffer 17 outputs the inverted signal Spx of
the control signal Sp to the latch 12 to assist an operation of
the latch 12. The auxiliary buffer 17 may have a circuit topol-
ogy that is substantially the same as or similar to that of the
buffer 11 which outputs the control signal Sp to the latch 12.

The auxiliary buffer 17 may include two transistors P8 and
P9 which are coupled as a differential pair and each serve as
a PMOS transistor.

A source of the transistor P9 is coupled to the high-poten-
tial terminal of the capacitor C1 and is supplied with the
voltage Vb. The transistor P9 has a drain and a gate short-
circuited to each other. The gate of the transistor P9 is coupled
to a gate of the transistor P8. A source of the transistor P8 is
also coupled to the high-potential terminal of the capacitor C1
and is also supplied with the voltage Vb.

A transistor P11 and a transistor P12, each serving as a
PMOS transistor, and a transistor N7 and a transistor N8, each
serving as a NMOS transistor, are coupled in series between
the drain of the transistor P9 and the negative electrode of the
DC voltage source 14.

A transistor P10, serving as a PMOS transistor, and a
transistor N5 and a transistor N6, each serving as a NMOS
transistor, are coupled in series between a drain of the tran-
sistor P8 and the negative electrode of the DC voltage source
14.

The voltage Vi of the DC voltage source 14 is supplied to
each of gates of the transistors N5 and N7.

The inverted signal Spx of the control signal Sp for con-
trolling the high-side switch Nh is supplied from the higher-
level circuit to a gate of the transistor N8. The control signal
Sp for controlling the high-side switch Nh is supplied from
the higher-level circuit to a gate of the transistor N6. The input
inverted signal Spx is output from the drain of the transistor
P8 to the second input terminal 125 of the latch 12.

A signal output from the inverter IV1 is supplied to a gate
of'the transistor P11. Upon receiving a high-level signal at the
gate, the transistor P11 is turned off.

After the control signal Sp is supplied as a signal for turn-
ing off the high-side switch Nh to the auxiliary buffer 17 and
is output from the auxiliary bufter 17 to the latch 12, when the
inverter IV1 outputs a high-level signal, the transistor P11 is
turned off. Consequently, the auxiliary buffer 17 is deacti-
vated.

The transistors included in the auxiliary buffer 17 may have
a size large enough to output the inverted signal Spx of the
input control signal Sp to the latch 12. The transistors may
have a size with low power consumption.

FIGS. 4 to 10 each illustrate an example of an operation of
a DC-DC converter.

For example, a threshold voltage of each PMOS transistor
may be -1V, that of each NMOS transistor may be 1V, and
the voltage Vi may be 5 V. The control signal Sp and the
inverted signal Spx may have a voltage level within a range of
0 to 5 V. Voltages at main circuit parts may be indicated by
numerical values.

Referring to FIG. 4, the control signal Sp for turning offthe
high-side switch Nhis supplied to the gate of the transistor N2
of'the buffer 11. The inverted signal Spx of the control signal
Sp for turning oft the high-side switch Nh is supplied to the
gate of the transistor N4. The transistors P1 and P2 are off. A
low-level signal corresponding to the control signal Sp is
output from the drain of the transistor P2 to the first input
terminal 12a of the latch 12.
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The inverted signal Spx of the control signal Sp for turning
off the high-side switch Nh is supplied to the gate of the
transistor N8 of the auxiliary bufter 17. The control signal Sp
for turning off the high-side switch Nh is supplied to the gate
of the transistor N6. The transistors P8 and P9 are off. A
high-level signal corresponding to the inverted signal Spx is
output from the drain of the transistor P8 to the second input
terminal 125 of the latch 12.

The latch 12 retains the low-level signal supplied from the
buffer 11 and outputs the low-level signal at the output ter-
minal 12c¢ to the inverter IV1.

Upon receiving the low-level signal, the inverter IV1 out-
puts a signal at the voltage level Vb to the inverter [V2.

Upon receiving the signal at the voltage level Vb, for
example, a high-level signal, the inverter [V2 outputs a signal
at the voltage level VI at the connection point A to the gate of
the high-side switch Nh. For example, because the control
signal for turning off the high-side switch Nh is output to the
gate of the high-side switch Nh, the high-side switch Nh is
turned off.

The voltage Vb at the high-potential terminal of the capaci-
tor C1 may be 5V that is substantially the same as the power
supply voltage Vi.

The inverted signal Spx for turning on the low-side switch
NI is supplied to the input buffer 16. Upon receiving the
inverted signal Spx that is a high-level signal, the input buffer
16 outputs a signal at the voltage level Vi to the gate of the
low-side switch NI, so that the low-side switch NI is turned
on.

Because the low-side switch NI is on, the capacitor C1 is
charged by the DC voltage source 14.

The inductor L releases magnetic energy, so that the output
voltage Vo smoothed by the capacitor C2 is supplied to the
load 15.

Referring to FIG. 5, the control signal Sp for turning on the
high-side switch Nhis supplied to the gate of the transistor N2
of'the buffer 11. The inverted signal Spx of the control signal
Sp for turning on the high-side switch Nh is supplied to the
gate of the transistor N4. The transistors P1 and P2 are turned
on. A high-level signal corresponding to the control signal Sp
is output from the drain of the transistor P2 to the first input
terminal 124 of the latch 12.

In the buffer 11, the transistors P1, P3, P4, N1, and N2 are
turned on. A high-voltage side at the voltage Vb may be
short-circuited to a low-voltage side at the voltage Vg, thus
causing a current path.

The inverted signal Spx of the control signal Sp for turning
on the high-side switch Nh is supplied to the gate of the
transistor N8 of the auxiliary bufter 17. The control signal Sp
for turning on the high-side switch Nh is supplied to the gate
of the transistor N6. Although the transistors P8 and P9 are
off, the transistors P10, N5, and N6 are turned on. A low-level
signal corresponding to the inverted signal Spx is output from
the drain of the transistor P8 to the second input terminal 126
of the latch 12.

The latch 12 retains the high-level signal supplied from the
buffer 11 and outputs the high-level signal at the output ter-
minal 12c¢ to the inverter IV1.

Upon receiving the high-level signal, the inverter IV1 out-
puts a signal at the voltage level Vb to the inverter [V2.

Upon receiving the signal at the voltage level Vb, for
example, a high-level signal, the inverter [V2 outputs a signal
at the voltage level VI at the connection point A to the gate of
the high-side switch Nh. The high-side switch Nh remains
off.

The input buffer 16 is supplied with the inverted signal Spx
for turning off the low-side switch NI. Upon receiving the
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low-level signal, the input buffer 16 outputs a signal at the
voltage level Vg to the gate of the low-side switch NI. The
low-side switch NI is turned off.

Referring to FIG. 6, the inverter IV1, which has received
the high-level signal, outputs a signal at the voltage level VI at
the connection point A to the inverter [V2.

Upon receiving the signal at the voltage level VI at the
connection point A, for example, a low-level signal, the
inverter [V2 outputs a signal at the voltage level Vb to the gate
of the high-side switch Nh. For example, a control signal for
turning on the high-side switch Nh is output to the gate of the
high-side switch Nh, so that the high-side switch Nh is turned
on.

In this state, the voltage Vb at the high-potential terminal of
the capacitor C1 may remain at 5V that is substantially equal
to the power supply voltage Vi. The voltage VI at the connec-
tion point A may remain at 0 V that is substantially equal to
the voltage Vg. A voltage difference between the gate and the
drain of the high-side switch Nh may be 5V that corresponds
to the difference between the voltage Vb and the voltage VI.

The high-level signal corresponding to the control signal
Sp is supplied from the inverter IV2 to the gate of the tran-
sistor P3 ofthe buffer 11. Upon receiving the high-level signal
at the gate, the transistor P3 is turned off. The current path
from the transistor P1 to the transistor N2 is interrupted and
the buffer 11 is deactivated.

Because the second input terminal 125 of the latch 12 is
supplied with the low-level signal corresponding to the
inverted signal Spx from the auxiliary buffer 17, the latch 12
retains the high-level signal supplied from the buffer 11 and
continues to output the high-level signal at the output terminal
12c¢ to the inverter IV1.

Because the high-side switch Nh is turned on, the capacitor
C2 begins to be charged by the DC voltage source 14.

Referring to FIG. 7, charged voltages of the capacitors C1
and C2 coupled in series are added, so that the voltage Vb
rises to 10V, for example. The voltage VI at the connection
point A rises to 5 V with increasing the charged voltage of the
capacitor C2. The voltage difference between the gate and the
drain of the high-side switch Nh may remain at 5 V that
corresponds to the difference between the voltage Vb and the
voltage VI.

Asthevoltage Vbrisesto 10V, a voltage at the drain of each
of'the transistors P1, P2, and P6, which are on, may rise to 10
V.

A voltage applied to the gate of the transistor P3 of the
buffer 11 may rise to 10 V.

A voltage at the drain of the transistor P3 of the buffer 11
may rise to approximately 6 V with increasing the voltage Vb.
Accordingly, a gate-to-drain voltage or a source-to-drain
voltage of the transistor P3 may be lower than 10 V and be
equal to or less than the withstand voltage of the transistor P3.

A source-to-drain voltage of the transistor P4 of the buffer
11 may be approximately 6 V and be equal to or less than the
withstand voltage of the transistor P4.

A source-to-drain voltage of the transistor N3 of the buffer
11 may be approximately 6 V and be equal to or less than the
withstand voltage of the transistor N3.

In the buffer 11, because the transistors P3, P4, N1, P5, and
N3 are arranged as illustrated in FIG. 3, a voltage applied to
each transistor is reduced to be equal to or less than the
withstand voltage of the transistor.

When the voltage Vi of the DC voltage source 14 is applied
via the high-side switch Nh to the inductor L, the inductor LL
stores magnetic energy and self-induction produces an elec-
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tromotive force. Consequently, the voltage Vi decreases and
the output voltage Vo smoothed by the capacitor C1 is sup-
plied to the load 15.

Referring to FIG. 8, the control signal Sp for turning off the
high-side switch Nhis supplied to the gate of the transistor N2
of'the buffer 11. The inverted signal Spx of the control signal
Sp for turning off the high-side switch Nh is supplied to the
gate of the transistor N4. The transistors P1, P2, P3, P4, N1,
and N2 are turned off and the transistors P5, N3, and N4 are
turned on. Accordingly, a low-level signal corresponding to
the control signal Sp is output from the drain of the transistor
P2 to the first input terminal 12a of the latch 12.

The inverted signal Spx of the control signal Sp for turning
off the high-side switch Nh is supplied to the gate of the
transistor N8 of the auxiliary bufter 17. The control signal Sp
for turning off the high-side switch Nh is supplied to the gate
of the transistor N6. The transistors P8 and P9 are turned on.
A high-level signal corresponding to the inverted signal Spx
is output from the drain of the transistor P8 to the second input
terminal 125 of the latch 12.

In the auxiliary buffer 17, the transistors P9, P11, P12, N7,
and N8 are turned on. A high-voltage side at the voltage Vb
may be short-circuited to a low-voltage side at the voltage Vg,
thus causing a current path.

The latch 12 retains the low-level signal supplied from the
buffer 11 and outputs the low-level signal at the output ter-
minal 12c¢ to the inverter IV1.

The inverter IV1 is supplied with the low-level signal. The
inverter IV1 outputs a signal at the voltage level VI at the
connection point A to the inverter [V2.

Upon receiving the signal at the voltage level VI at the
connection point A, for example, a low-level signal, the
inverter [IV2 outputs a signal atthe voltage level Vb to the gate
of'the high-side switch Nh. Accordingly, the high-side switch
Nh remains on. The voltage level Vb may be held at, for
example, approximately 10 V.

The input buffer 16 is supplied with the inverted signal Spx
for turning on the low-side switch NI. Upon receiving the
high-level signal, the input buffer 16 outputs a signal at the
voltage level Vi of the DC voltage source 14 to the gate of the
low-side switch NI. Thus, the low-side switch NI is turned on.

Referring to FIG. 9, upon receiving the low-level signal,
the inverter IV1 outputs a signal at the voltage level Vb to the
inverter IV2.

Upon receiving the signal at the voltage level Vb, for
example, a high-level signal, the inverter [V2 outputs a signal
at the voltage level VI, which is the voltage at the connection
point A, to the gate of the high-side switch Nh. For example,
a control signal for turning off the high-side switch Nh is
output to the gate of the high-side switch Nh, so that the
high-side switch Nh is turned off. In this state, the voltage Vb
at the high-potential terminal of the capacitor C1 remains at,
for example, 10 V.

The high-level signal output from the inverter IV1 is sup-
plied to the gate of the transistor P11 of the auxiliary buffer 17
in response to the control signal for turning off the high-side
switch Nh. Upon receiving the high-level signal at the gate,
the transistor P11 is turned off. The current path from the
transistor P9 to the transistor N8 is interrupted and the auxil-
iary buffer 17 is deactivated.

After the auxiliary buffer 17 is deactivated, the low-level
signal is continuously supplied from the buffer 11 to the first
input terminal 124 of the latch 12. The latch 12 retains the
low-level signal and continues to output the low-level signal
to the inverter IV1.
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Because the high-side switch Nh is off and the low-side
switch N1 is on, the capacitor C1 is charged by the DC voltage
source 14. Because the low-side switch N1 is on, the capacitor
C2 begins to discharge.

Referring to FIG. 10, the voltage Vb at the high-potential
terminal of the capacitor C1 decreasesto 5 V. The discharge of
the capacitor C2 allows the voltage V1 at the connection point
A to decrease to O V.

Because the voltage Vb decreases to 5V, a voltage at the
drain of each of the transistors P8 and P9, which are on,
decreases to 5 V. The state may shift to that illustrated in FIG.
4.

A step-down DC-DC converter may be used. A step-up
DC-DC converter including an inductor disposed at a difter-
ent position from that in the above-described examples may
be used.

The low-side switch may have a N-type polarity or a P-type
polarity. A diode may be used as the low-side switch.

As regards the circuitry of each of the buffer 11, the latch
12, the auxiliary buffer 17, and the switch 13, another cir-
cuitry may be used.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A DC-DC converter comprising:

a high-side switch;

a low-side switch coupled to the high-side switch in series;

a capacitor configured to be charged while the low-side
switch is turned on and to increase a driving voltage for
turning on the high-side switch by a charged voltage;

a buffer configured to output a control signal for control-
ling the high-side switch;

a latch configured to receive the control signal at a first
input terminal, retain the control signal, and output the
control signal to the high-side switch; and

a switch, including a transistor provided between the buffer
and a low-voltage power line and including a control
terminal for receiving the control signal from the latch
and configured to deactivate the buffer based on the
control signal.

2. The DC-DC converter according to claim 1, further

comprising:

a second buffer configured to receive an inverted signal of
the control signal and output the inverted signal to a
second input terminal of the latch.

3. The DC-DC converter according to claim 2, wherein the
latch continues to output, in accordance with the inverted
signal, the control signal for turning on the high-side switch to
the high-side switch after deactivation of the buffer.

4. The DC-DC converter according to claim 2, further
comprising:

a second switch configured to deactivate the second buffer
in accordance with the control signal for turning off the
high-side switch from the latch.

5. The DC-DC converter according to claim 1, wherein the

high-side switch has a N-type polarity.
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6. The DC-DC converter according to claim 1, further
comprising:

a diode disposed between the high-side switch and the

capacitor.

7. The DC-DC converter according to claim 1, wherein the
switch is further configured to deactivate the buffer by inter-
rupting a path between the buffer and the low-voltage power
line based on the control signal.

8. The DC-DC converter according to claim 1, further
comprising:

an auxiliary buffer provided between the latch and the
high-side switch, the auxiliary buffer being configured
to supply a signal obtained by inverting the control sig-
nal to the latch.

9. A semiconductor integrated circuit comprising:

a DC-DC converter including:

a high-side switch;

a low-side switch coupled to the high-side switch in
series;

a capacitor configured to be charged while the low-side
switch is turned on and to increase a driving voltage
for turning on the high-side switch by a charged volt-
age;

a buffer configured to output a control signal for con-
trolling the high-side switch;

a latch configured to receive the control signal at a first
input terminal, retain the control signal, and output
the control signal to the high-side switch;

a switch configured to receive the control signal from the
latch and deactivate the buffer based on the control
signal; and

an auxiliary buffer, provided between the latch and the
high-side switch and configured to supply a signal
obtained by inverting the control signal to the latch;
and

an inductor coupled to a connection node between the
high-side switch and the low-side switch.

10. The semiconductor integrated circuit according to
claim 9, wherein the DC-DC converter and the inductor are
arranged on a single chip.

11. The semiconductor integrated circuit according to
claim 9, wherein the DC-DC converter further comprises:

a second buffer configured to receive an inverted signal of
the control signal and output the inverted signal to a
second input terminal of the latch.

12. The semiconductor integrated circuit according to
claim 11, wherein the latch continues to output, in accordance
with the inverted signal, the control signal for turning on the
high-side switch to the high-side switch after deactivation of
the buffer.
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13. The semiconductor integrated circuit according to
claim 11, wherein the DC-DC converter includes a second
switch configured to deactivate the second buffer in accor-
dance with the control signal for turning off the high-side
switch from the latch.

14. The semiconductor integrated circuit according to
claim 9, wherein the high-side switch has a N-type polarity.

15. The semiconductor integrated circuit according to
claim 9, wherein the DC-DC converter includes a diode dis-
posed between the high-side switch and the capacitor.

16. The semiconductor integrated circuit according to
claim 9, wherein the switch is further configured to include a
transistor provided between the buffer and a low-voltage
power line and including a control terminal for receiving the
control signal from the latch.

17. The semiconductor integrated circuit according to
claim 9, wherein the switch is further configured to deactivate
the buffer by interrupting a path between the buffer and a
low-voltage power line based on the control signal.

18. A DC-DC converter comprising:

a high-side switch;

a low-side switch coupled to the high-side switch in series;

a capacitor configured to be charged while the low-side
switch is turned on and to increase a driving voltage for
turning on the high-side switch by a charged voltage;

a buffer coupled to a low-voltage power line and config-
ured to output a control signal for controlling the high-
side switch;

a latch configured to receive the control signal at a first
input terminal, retain the control signal, and output the
control signal to the high-side switch; and

a switch configured to receive the control signal from the
latch and deactivate the buffer by interrupting a path
between the buffer and the low-voltage power line based
on the control signal.

19. The DC-DC converter according to claim 18, wherein
the switch is further configured to include a transistor pro-
vided between the buffer and the low-voltage power line and
to include a control terminal for receiving the control signal
from the latch.

20. The DC-DC converter according to claim 18, further
comprising:

an auxiliary buffer provided between the latch and the
high-side switch, the auxiliary buffer being configured
to supply a signal obtained by inverting the control sig-
nal to the latch.



